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(54) ULTRAVIOLET CURING APPARATUS AND ULTRAVIOLET CURING METHOD

(57) To improve control of an environment of a part
from which ultraviolet rays are irradiated during ultraviolet
curing. [Solution] An ultraviolet curing apparatus 1 com-
prising: a roller 2 for guiding a film 100 coated with a
resin; a first nitrogen gas introduction port 3 and a second
nitrogen gas introduction port 4 for introducing nitrogen
gas; a UV irradiation portion 5 for irradiating the film 100
with ultraviolet rays from between the first nitrogen gas
introduction port 3 and the second nitrogen gas introduc-
tion port 4; an oxygen concentration meter 6 for meas-
uring an oxygen concentration between the film 100 and
the UV irradiation portion 5; an air introduction port 7 for
introducing air between the film 100 and the UV irradia-
tion portion 5; and a controller 8 for controlling at least
any one of: an amount of air introduced from the air in-
troduction port 7, an amount of nitrogen gas introduced
from the first nitrogen gas introduction port 3, and an
amount of nitrogen gas introduced from the second ni-
trogen gas introduction port 4, so that the oxygen con-
centration is within a preset oxygen concentration set
range.
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Description

[Technical Field]

[0001] The present invention relates to an ultraviolet
curing apparatus and an ultraviolet curing method.

[Background Art]

[0002] Ultraviolet curing technology is widely known in
general, where a monomer is irradiated with ultraviolet
rays to induce a photopolymerization reaction, and the
monomer is converted to a polymer and cured.
[0003] In this ultraviolet curing technology, it is impor-
tant to appropriately control the energy of the ultraviolet
rays irradiated, and also the oxygen concentration and
nitrogen concentration at a part from which ultraviolet
rays are irradiated.
[0004] If variations arise in the energy of the ultraviolet
rays irradiated, and the oxygen concentration and nitro-
gen concentration at the part from which ultraviolet rays
are irradiated, the photopolymerization reaction is exces-
sively restricted or progresses excessively.
[0005] As a result, there are variations in product qual-
ity, leading to a reduction in yield.
[0006] Conventionally, technology for appropriately
controlling the environment at the part from which ultra-
violet rays are irradiated is being developed.
[0007] Patent Document 1, which is an example of the
prior art, describes controlling a residual oxygen content
in a mixed gas inside a chamber for crosslinking a coating
by means of ultraviolet rays or an electron beam.
[0008] Patent Document 2, which is an example of the
prior art, describes technology for modifying and adjust-
ing a flow rate of nitrogen gas for preventing crosslinking
defects, which is supplied into a quartz tube in which UV-
crosslinking is performed, in accordance with a travel
speed of a linear body to be UV-crosslinked.

[Prior Art Documents]

[Patent Documents]

[0009]

[Patent Document 1] JP 4763618 B2
[Patent Document 2] JP H5-237849 A

[Summary of the Invention]

[Problems to be Solved by the Invention]

[0010] There is room for improvement in controlling the
environment of the part from which ultraviolet rays are
irradiated during ultraviolet curing.
[0011] The present invention has been devised in light
of the situation described above, and the objective there-
of lies in providing technology for controlling a crosslink-

ing reaction of a resin.

[Means for Solving the Problems]

[0012] One aspect of the present invention, which
achieves the objective by solving the abovementioned
problem, lies in an ultraviolet curing apparatus compris-
ing: a roller for guiding a film coated with a resin; a first
nitrogen gas introduction port and a second nitrogen gas
introduction port for introducing nitrogen gas; a UV irra-
diation portion for irradiating the film with ultraviolet rays
from between the first nitrogen gas introduction port and
the second nitrogen gas introduction port; an oxygen con-
centration meter for measuring an oxygen concentration
between the film and the UV irradiation portion; an air
introduction port for introducing air between the film and
the UV irradiation portion; and a controller for controlling
at least any one of: an amount of air introduced from the
air introduction port, an amount of nitrogen gas intro-
duced from the first nitrogen gas introduction port, and
an amount of nitrogen gas introduced from the second
nitrogen gas introduction port, so that the oxygen con-
centration is within a preset oxygen concentration set
range.
[0013] In one aspect of the present invention, the con-
troller of the ultraviolet curing apparatus having the con-
figuration above comprises: an input unit for inputting an
oxygen concentration value measured by means of the
oxygen concentration meter; a memory unit for storing
the preset oxygen concentration set range; a determina-
tion unit for determining whether or not the oxygen con-
centration value is within the oxygen concentration set
range; and a signal generation unit for generating and
outputting a control signal to control a degree of opening
of a gas valve on the basis of the determination of the
determination unit.
[0014] In one aspect of the present invention, the ox-
ygen concentration set range is between 500 ppm and
1000 ppm in the ultraviolet curing apparatus having the
configuration above.
[0015] Alternatively, in one aspect of the present in-
vention, the oxygen concentration set range is between
5000 ppm and 5% in the ultraviolet curing apparatus hav-
ing the configuration above.
[0016] A different aspect of the present invention lies
in an ultraviolet curing method for curing a film coated
with a resin by irradiating the film with ultraviolet rays
from between two nitrogen gas introduction ports, the
ultraviolet curing method comprising: introducing nitro-
gen gas from each of the two nitrogen gas introduction
ports; introducing air from an air introduction port be-
tween the film and a part for irradiating ultraviolet rays;
measuring an oxygen concentration between the film and
the part for irradiating ultraviolet rays; controlling at least
either one of: an amount of air introduced from the air
introduction port, and an amount of nitrogen gas intro-
duced from each of the two nitrogen gas introduction
ports, so that the oxygen concentration is within a preset
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oxygen concentration set range; guiding the film; and ir-
radiating the film with ultraviolet rays from between the
two nitrogen gas introduction ports.
[0017] In one aspect of the present invention, the con-
trol in the ultraviolet curing method having the configu-
ration above comprises: inputting the measured oxygen
concentration value; determining whether or not the ox-
ygen concentration value is within the oxygen concen-
tration set range; and generating and outputting a control
signal to control a degree of opening of a gas valve on
the basis of the determination.
[0018] In one aspect of the present invention, the ox-
ygen concentration set range is between 500 ppm and
1000 ppm in the ultraviolet curing method having the con-
figuration above.
[0019] In one aspect of the present invention, the ox-
ygen concentration set range is between 5000 ppm and
5% in the ultraviolet curing method having the configu-
ration above.

[Advantage of the Invention]

[0020] The present invention makes it possible to con-
trol a crosslinking reaction of a resin.

[Brief Description of the Drawings]

[0021]

Fig. 1 is a view in cross section showing the config-
uration of an ultraviolet curing apparatus according
to an embodiment.
Fig. 2 is a functional block diagram showing the con-
figuration of a controller shown in fig. 1.
Fig. 3 is a flowchart showing operations of the con-
troller shown in fig. 2.
Fig. 4 is another flowchart showing operations of the
controller shown in fig. 2.
Fig. 5 is a view in cross section showing the config-
uration of an ultraviolet curing apparatus according
to a variant example of the embodiment.

[Embodiment of the Invention]

[0022] An embodiment of the present invention will be
described below with reference to the appended draw-
ings.
[0023] However, the present invention should not be
construed as being limited by the description of the fol-
lowing embodiment.

(Embodiment 1)

[0024] Fig. 1 is a view in cross section showing the
configuration of an ultraviolet curing apparatus 1 accord-
ing to an embodiment of the present invention.
[0025] The ultraviolet curing apparatus 1 shown in fig.
1 comprises: a roller 2, a first nitrogen gas introduction

port 3, a second nitrogen gas introduction port 4, a UV
irradiation portion 5, an oxygen concentration meter 6,
an air introduction port 7, a controller 8, and a processing
chamber 9.
[0026] The roller 2 guides a film 100 to the processing
chamber 9.
[0027] The film 100 advances at a fixed speed in a
direction of advance shown by the arrow in fig. 1.
[0028] The film 100 is coated with a resin, which is a
monomer, and the monomer is converted to a polymer
and cured by means of a photopolymerization reaction
induced by ultraviolet rays which are irradiated.
[0029] The first nitrogen gas introduction port 3 and
the second nitrogen gas introduction port 4 are gas in-
troduction ports for introducing nitrogen gas into the
processing chamber 9.
[0030] The first nitrogen gas introduction port 3 and
the second nitrogen gas introduction port 4 which are set
apart from each other are provided on both sides of a
part for irradiating ultraviolet rays, thus making it possible
to restrict the ingress of external air.
[0031] A nitrogen gas supply source 30 is connected
to the first nitrogen gas introduction port 3, and a nitrogen
gas supply source 40 is connected to the second nitrogen
gas introduction port 4.
[0032] A gas valve 31 is provided between the first ni-
trogen gas introduction port 3 and the nitrogen gas supply
source 30, and a gas valve 41 is provided between the
second nitrogen gas introduction port 4 and the nitrogen
gas supply source 40.
[0033] It should be noted that fig. 1 illustrates the ni-
trogen gas supply source 30 and the nitrogen gas supply
source 40, but the present invention is not limited thereto.
[0034] For example, a single nitrogen gas supply
source may be connected to both the first nitrogen gas
introduction port 3 and the second nitrogen gas introduc-
tion port 4.
[0035] A nitrogen gas cylinder may be given as an ex-
ample of the nitrogen gas supply source 30 and the ni-
trogen gas supply source 40.
[0036] The UV irradiation portion 5 irradiates the film
100 with ultraviolet rays between the first nitrogen gas
introduction port 3 and the second nitrogen gas introduc-
tion port 4.
[0037] Here, the irradiated ultraviolet rays may be set
at a constant energy throughout the process so that the
film 100 can be uniformly irradiated.
[0038] The oxygen concentration meter 6 is a gas
measurement device for measuring an oxygen concen-
tration in a space inside the processing chamber 9 be-
tween the film 100 and the UV irradiation portion 5.
[0039] The air introduction port 7 is a gas introduction
port for introducing air into the space inside the process-
ing chamber 9 between the film 100 and the UV irradiation
portion 5.
[0040] A nitrogen gas supply source 70 and an air sup-
ply source 72 are connected to the air introduction port 7.
[0041] A gas valve 71 is provided between the air in-
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troduction port 7 and the nitrogen gas supply source 70.
[0042] The air supply source 72 is connected by way
of a gas valve 73 between the air introduction port 7 and
the gas valve 71.
[0043] A nitrogen gas cylinder may be given as an ex-
ample of the nitrogen gas supply source 70.
[0044] An air cylinder may be given as an example of
the air supply source 72.
[0045] The controller 8 controls at least any one of: an
amount of air introduced from the air introduction port 7,
an amount of nitrogen gas introduced from the first nitro-
gen gas introduction port 3, and an amount of nitrogen
gas introduced from the second nitrogen gas introduction
port 4, on the basis of the oxygen concentration in the
space inside the processing chamber 9 between the film
100 and the UV irradiation portion 5, as measured by the
oxygen concentration meter 6.
[0046] Fig. 2 is a functional block diagram showing the
configuration of the controller 8 shown in fig. 1.
[0047] The controller 8 shown in fig. 2 comprises: an
input unit 81, a memory unit 82, a determination unit 83,
and a signal generation unit 84.
[0048] The input unit 81 is an input interface which is
connected to the oxygen concentration meter 6 and re-
ceives as input an oxygen concentration value which is
a result measured by means of the oxygen concentration
meter 6.
[0049] The oxygen concentration value which is the
measurement result of the oxygen concentration meter
6 is input to the input unit 81.
[0050] The memory unit 82 stores a preset oxygen con-
centration set range.
[0051] The memory unit 82 may be configured by a
recording medium such as a semiconductor memory or
a magnetic disk.
[0052] Here, the oxygen concentration set range is
preferably set at between 500 ppm and 1000 ppm, or
between 5000 ppm and 5%.
[0053] Setting an oxygen concentration set range such
as this makes it possible to prevent cracking or warping
of the film 100.
[0054] The determination unit 83 determines whether
or not the oxygen concentration value input to the input
unit 81 from the oxygen concentration meter 6 is within
the oxygen concentration set range stored in the memory
unit 82.
[0055] The determination unit 82 may be configured
by a processor such as a microprocessing unit (MPU) or
a central processing unit (CPU).
[0056] The signal generation unit 84 generates and
outputs control signals for controlling a degree of opening
of the gas valves on the basis of the determination of the
determination unit 83.
[0057] The gas valves are provided between the gas
introduction port to be controlled by the controller 8, and
the relevant gas supply source.
[0058] Specifically, the gas valve to be controlled by
the controller 8 is at least any one of: the gas valve 71

between the air introduction port 7 and the nitrogen gas
supply source 70 connected to the air introduction port
7, the gas valve 73 connected between the air introduc-
tion port 7 and the gas valve 71, the gas valve 31 between
the first nitrogen gas introduction port 3 and the nitrogen
gas supply source 30 connected to the first nitrogen gas
introduction port 3, and the gas valve 41 between the
second nitrogen gas introduction port 4 and the nitrogen
gas supply source 40 connected to the second nitrogen
gas introduction port 4.
[0059] If the amount of air introduced from the air in-
troduction port 7 increases when the amount of nitrogen
gas introduced from the first nitrogen gas introduction
port 3 and the amount of nitrogen gas introduced from
the second nitrogen gas introduction port 4 are constant,
there is a fall in the nitrogen concentration in a space
where the oxygen concentration meter 6 takes measure-
ments, and the oxygen concentration rises, or if the
amount of air introduced from the air introduction port 7
decreases in the same situation, there is a rise in the
nitrogen concentration in the space where the oxygen
concentration meter 6 takes measurements, and the ox-
ygen concentration falls.
[0060] If the amount of nitrogen gas introduced from
the first nitrogen gas introduction port 3 increases when
the amount of nitrogen gas introduced from the second
nitrogen gas introduction port 4 and the amount of air
introduced from the air introduction port 7 are constant,
there is a rise in the nitrogen concentration in the space
where the oxygen concentration meter 6 takes measure-
ments, and the oxygen concentration falls, or if the
amount of nitrogen gas introduced from the first nitrogen
gas introduction port 3 decreases in the same situation,
there is a fall in the nitrogen concentration in the space
where the oxygen concentration meter 6 takes measure-
ments, and the oxygen concentration rises.
[0061] If the amount of nitrogen gas introduced from
the second nitrogen gas introduction port 4 increases
when the amount of nitrogen gas introduced from the first
nitrogen gas introduction port 3 and the amount of air
introduced from the air introduction port 7 are constant,
there is a rise in the nitrogen concentration in the space
where the oxygen concentration meter 6 takes measure-
ments, and the oxygen concentration falls, or if the
amount of nitrogen gas introduced from the second ni-
trogen gas introduction port 4 decreases in the same
situation, there is a fall in the nitrogen concentration in
the space where the oxygen concentration meter 6 takes
measurements, and the oxygen concentration rises.
[0062] Fig. 3 is a flowchart showing operations of the
controller 8 shown in fig. 2.
[0063] The controller 8 shown in fig. 2 first of all starts
the processing, and when the oxygen concentration val-
ue, which is the result measured by means of the oxygen
concentration meter 6, is input to the input unit 81 (S1),
the determination unit 83 determines whether or not that
oxygen concentration value is within the oxygen concen-
tration set range stored in the memory unit 82 (S2).

5 6 



EP 4 134 172 A1

5

5

10

15

20

25

30

35

40

45

50

55

[0064] The signal generation unit 84 then generates
and outputs a control signal to control a degree of opening
of the gas valve (s) on the basis of the determination
result of the determination unit 83 (S3), and the process-
ing ends.
[0065] For example, if the oxygen concentration value
which is the result measured by means of the oxygen
concentration meter 6 is lower than the oxygen concen-
tration set range, the signal generation unit 84 generates
and outputs a control signal to control the degree of open-
ing of the gas valve between the gas introduction port to
be controlled by the controller 8, and the relevant gas
supply source, so that the oxygen concentration rises.
[0066] Alternatively, if the oxygen concentration value
which is the result measured by means of the oxygen
concentration meter 6 is higher than the oxygen concen-
tration set range, the signal generation unit 84 generates
and outputs a control signal to control the degree of open-
ing of the gas valve between the gas introduction port to
be controlled by the controller 8, and the relevant gas
supply source, so that the oxygen concentration falls.
[0067] The degree of opening of the gas valves should
be proportionally controlled by means of the control sig-
nal.
[0068] The controller 8 thus controls at least any one
of the amount of air introduced from the air introduction
port 7, the amount of nitrogen gas introduced from the
first nitrogen gas introduction port 3, and the amount of
nitrogen gas introduced from the second nitrogen gas
introduction port 4 so that a crosslinking reaction of the
resin in the film 100 can be controlled.
[0069] It should be noted that the controller 8 may con-
tinue the control until the oxygen concentration value is
within the oxygen concentration set range.
[0070] Fig. 4 is another flowchart showing operations
of the controller 8 shown in fig. 2.
[0071] The controller 8 shown in fig. 2 first of all starts
the processing, and when the oxygen concentration val-
ue, which is the result measured by means of the oxygen
concentration meter 6, is input to the input unit 81 (S11),
the determination unit 83 determines whether or not that
oxygen concentration value is within the oxygen concen-
tration set range stored in the memory unit 82 (S12).
[0072] If the oxygen concentration value is within the
oxygen concentration set range stored in the memory
unit 82 (S12: Y), the processing ends.
[0073] If the oxygen concentration value is not within
the oxygen concentration set range stored in the memory
unit 82 (S12: N), the determination unit 83 further deter-
mines whether or not the oxygen concentration value is
greater than the oxygen concentration set range stored
in the memory unit 82 (S13).
[0074] If the oxygen concentration value is greater than
the oxygen concentration set range stored in the memory
unit 82 (S13: Y), the signal generation unit 84 generates
and outputs a control signal to control the degree of open-
ing of the gas valve(s), and thereby reduces the amount
of air introduced or increases the amount of nitrogen gas

introduced (S14), and the processing returns to S11.
[0075] If the oxygen concentration value is not greater
than the oxygen concentration set range stored in the
memory unit 82 (S13: N), the signal generation unit 84
generates and outputs a control signal to control the de-
gree of opening of the gas valve(s), and thereby increas-
es the amount of air introduced or reduces the amount
of nitrogen gas introduced (S15), and the processing re-
turns to S11.
[0076] According to the flowchart shown in fig. 4, au-
tomatic control is possible until the oxygen concentration
value is within the oxygen concentration set range.
[0077] Furthermore, the present invention is not limited
to the ultraviolet curing apparatus 1 shown in fig. 1.
[0078] Fig. 5 is a view in cross section showing the
configuration of an ultraviolet curing apparatus 1a ac-
cording to a variant example of the embodiment of the
present invention.
[0079] The ultraviolet curing apparatus 1a shown in fig.
5 comprises: a roller 2a and a roller 2b, the first nitrogen
gas introduction port 3 and the second nitrogen gas in-
troduction port 4, the UV irradiation portion 5, the oxygen
concentration meter 6, the air introduction port 7, the con-
troller 8, and a processing chamber 9a.
[0080] The ultraviolet curing apparatus 1a shown in fig.
5 differs from the ultraviolet curing apparatus 1 shown in
fig. 1 in that two rollers for guiding the film 100 are pro-
vided, i.e., instead of the roller 2, the roller 2a and the
roller 2b are provided, and in that, instead of the process-
ing chamber 9, the processing chamber 9a having a dif-
ferent shape is provided, but the rest of the configuration
is the same.
[0081] The roller 2a and the roller 2b are arranged so
that a surface irradiated with the ultraviolet rays from the
UV irradiation portion 5, i.e., the film 100, is flat, and so
as to be at substantially the same height, taking the UV
irradiation portion 5 as a reference.
[0082] The ultraviolet curing apparatus 1a shown in fig.
5 allows a region irradiated with the ultraviolet rays from
the UV irradiation portion 5 to be set flat, enabling the
film 100 to be uniformly irradiated with the ultraviolet rays.
[0083] As described above, this embodiment makes it
possible to control the crosslinking reaction of the resin.
[0084] Furthermore, the crosslinking reaction of the
resin can be appropriately controlled in accordance with
material characteristics of the resin.
[0085] Additionally, this control of the crosslinking re-
action of the resin can also be performed automatically.
[0086] It should be noted that the present invention is
not limited to the ultraviolet curing apparatuses 1, 1a.
[0087] The present invention also includes an ultravi-
olet curing method for curing a film coated with a resin
by irradiating the film with ultraviolet rays from between
two nitrogen gas introduction ports.
[0088] That is to say, the present invention also in-
cludes an ultraviolet curing method for curing the film 100
coated with a resin by irradiating the film 100 with ultra-
violet rays from between the first nitrogen gas introduc-
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tion port 3 and the second nitrogen gas introduction port
4, the ultraviolet curing method comprising: introducing
nitrogen gas from each of the the first nitrogen gas intro-
duction port 3 and the second nitrogen gas introduction
port 4; introducing air from the air introduction port 7 be-
tween the film 100 and a part for irradiating ultraviolet
rays; measuring the oxygen concentration between the
film 100 and the part for irradiating ultraviolet rays; con-
trolling at least either one of: the amount of air introduced
from the air introduction port 7, and the amount of nitro-
gen gas introduced from each of the first nitrogen gas
introduction port 3 and the second nitrogen gas introduc-
tion port 4, so that the oxygen concentration is within the
preset oxygen concentration set range; guiding the film
100; and irradiating the film 100 with ultraviolet rays from
between the first nitrogen gas introduction port 3 and the
second nitrogen gas introduction port 4.
[0089] Furthermore, ultraviolet curing apparatuses
were described in this embodiment, but the present in-
vention is not limited thereto.
[0090] The present invention may also be applied to
curing of a resin by irradiation of an electron beam, and
may also be applied in order to prevent ozone from being
generated.
[0091] Alternatively, the present invention makes it
possible to prevent colouring that accompanies oxidation
in a heating portion during resin moulding, or to prevent
odours from being generated.
[0092] It should be noted that the present invention is
not limited to the embodiment described above, and also
includes a number of variant examples in which compo-
nents are added to the configuration described above,
or removed therefrom, or else substituted.

[Key to Symbols]

[0093]

1, 1a ultraviolet curing apparatus
2, 2a, 2b roller
3 first nitrogen gas introduction port
30 nitrogen gas supply source
31 gas valve
4 second nitrogen gas introduction port
40 nitrogen gas supply source
41 gas valve
5 UV irradiation portion
6 oxygen concentration meter
7 air introduction port
70 nitrogen gas supply source
71 gas valve
72 air supply source
73 gas valve
8 controller
81 input unit
82 memory unit
83 determination unit
84 signal generation unit

9, 9a processing chamber
100 film

Claims

1. Ultraviolet curing apparatus comprising: a roller for
guiding a film coated with a resin;

a first nitrogen gas introduction port and a sec-
ond nitrogen gas introduction port for introduc-
ing nitrogen gas;
a UV irradiation portion for irradiating the film
with ultraviolet rays from between the first nitro-
gen gas introduction port and the second nitro-
gen gas introduction port;
an oxygen concentration meter for measuring
an oxygen concentration between the film and
the UV irradiation portion;
an air introduction port for introducing air be-
tween the film and the UV irradiation portion; and
a controller for controlling at least any one of: an
amount of air introduced from the air introduction
port, an amount of nitrogen gas introduced from
the first nitrogen gas introduction port, and an
amount of nitrogen gas introduced from the sec-
ond nitrogen gas introduction port, so that the
oxygen concentration is within a preset oxygen
concentration set range.

2. Ultraviolet curing apparatus according to Claim 1,
wherein the controller comprises:

an input unit for inputting an oxygen concentra-
tion value measured by means of the oxygen
concentration meter;
a memory unit for storing the preset oxygen con-
centration set range;
a determination unit for determining whether or
not the oxygen concentration value is within the
oxygen concentration set range; and
a signal generation unit for generating and out-
putting a control signal to control a degree of
opening of a gas valve on the basis of the de-
termination of the determination unit.

3. Ultraviolet curing apparatus according to Claim 1 or
2, wherein the oxygen concentration set range is be-
tween 500 ppm and 1000 ppm.

4. Ultraviolet curing apparatus according to Claim 1 or
2, wherein the oxygen concentration set range is be-
tween 5000 ppm and 5%.

5. Ultraviolet curing method for curing a film coated with
a resin by irradiating the film with ultraviolet rays from
between two nitrogen gas introduction ports, the ul-
traviolet curing method comprising:

9 10 



EP 4 134 172 A1

7

5

10

15

20

25

30

35

40

45

50

55

introducing nitrogen gas from each of the two
nitrogen gas introduction ports;
introducing air from an air introduction port be-
tween the film and a part for irradiating ultraviolet
rays;
measuring an oxygen concentration between
the film and the part for irradiating ultraviolet
rays;
controlling at least either one of: an amount of
air introduced from the air introduction port, and
an amount of nitrogen gas introduced from each
of the two nitrogen gas introduction ports, so that
the oxygen concentration is within a preset ox-
ygen concentration set range;
guiding the film; and
irradiating the film with ultraviolet rays from be-
tween the two nitrogen gas introduction ports.

6. Ultraviolet curing method according to Claim 5,
wherein the control comprises:

inputting the measured oxygen concentration
value;
determining whether or not the oxygen concen-
tration value is within the oxygen concentration
set range; and
generating and outputting a control signal to
control a degree of opening of a gas valve on
the basis of the determination.

7. Ultraviolet curing method according to Claim 5 or 6,
wherein the oxygen concentration set range is be-
tween 500 ppm and 1000 ppm.

8. Ultraviolet curing method according to Claim 5 or 6,
wherein the oxygen concentration set range is be-
tween 5000 ppm and 5%.

11 12 



EP 4 134 172 A1

8



EP 4 134 172 A1

9



EP 4 134 172 A1

10



EP 4 134 172 A1

11



EP 4 134 172 A1

12



EP 4 134 172 A1

13

5

10

15

20

25

30

35

40

45

50

55



EP 4 134 172 A1

14

5

10

15

20

25

30

35

40

45

50

55



EP 4 134 172 A1

15

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 4763618 B [0009] • JP H5237849 A [0009]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

